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(54)  Multistage  connection  switch  and  extension  method 

(57)  Four  SR  modules  are  provided  in  the  second 
stage  of  a  3-stage  MSSR  switch.  To  guarantee  the 
MSSR  switch  the  capacity  of  20  Gbps,  SR  modules  are 
provided  in  each  of  the  first  and  third  stages  of  the 
switch.  When  the  capacity  of  the  MSSR  switch  is 
extended  from  20  Gbps  to  40  Gbps,  SR  modules  are 
added  to  both  of  the  first  and  third  stages  and  con- 

nected  to  the  four  SR  modules  in  the  second  stage.  To 
further  extend  the  capacity  of  the  MSSR  switch  to  60  or 
80  Gbps,  the  SR  modules  are  sequentially  added  to  the 
first  and  third  stages,  and  the  newly  provided  SR  mod- 
ules  are  connected  to  the  four  SR  modules  in  the  sec- 
ond  stage. 
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Description 

Background  of  the  Invention 

5  Field  of  the  Invention 

The  present  invention  relates  to  a  method  of  extending  a  multistage  switch,  and  more  specifically  to  a  method  of 
extending  a  multistage  self-routing  (MSSR)  switch. 

10  Description  of  the  Related  Art 

Recently,  the  requests  for  communications  services  have  diversified,  and  various  services  are  now  being  provided 
to  transfer  image  data  including  animation  data,  in  addition  to  voice  and  data  communications  services.  These  services 
are  different  from  one  another  in  the  transmission  speed,  protocol,  etc.  of  data,  and  required  to  be  processed  in  one 

15  system.  An  asynchronous  transfer  mode  (ATM)  system  has  become  a  practical  example  of  one  of  the  systems  for 
processing  these  services. 

In  an  ATM  network,  information  in  the  various  services  is  transferred  in  fixed  length  cells.  A  cell  consists  of  a  5-byte 
header  and  a  48-byte  payload  field.  The  header  stores  cell  routing  information  comprising  a  virtual  path  identifier  (VPI) 
and  a  virtual  channel  identifier  (VCI).  The  payload  field  stores  user  information  to  be  transferred. 

20  The  cell  is  transferred  through  the  communications  line  specified  by  a  VPI/VCI  and  input  to  an  ATM  switch.  In  the 
ATM  switch,  an  output  VPI/VCI  and  tag  information  are  retrieved  according  to  the  VPI/VCI  of  the  input  cell,  so  that  the 
input  VPI/VCI  is  rewritten  to  an  output  VPI/VCI  and  the  tag  information  is  added  to  the  head  of  the  cell.  The  tag  infor- 
mation  specifies  a  path  in  the  ATM  switch. 

The  ATM  switch  normally  consists  of  a  plurality  of  switching  modules.  Each  switching  module  forms  a  matrix  of  m 
25  x  n  switching  elements  and  is  connected  by  a  plurality  of  input  and  output  highways.  FIG.  1  shows  the  configuration  of 

a  switching  module  having  a  matrix  of  8  x  8  switching  elements. 
When  a  cell  is  input  to  the  ATM  switch  and  then  input  from  a  predetermined  input  highway  to  a  switching  module, 

a  route  in  the  switching  module  is  automatically  selected  according  to  the  tag  information  assigned  to  the  cell,  and  it  is 
output  through  the  output  highway.  Thus,  since  the  route  of  the  cell  in  the  switching  module  is  autonomously  determined 

30  by  the  cell  itself,  such  a  switching  module  is  referred  to  as  a  self-routing  switching  module  (SR  module). 
The  ATM  switch  is  normally  designed  as  an  MSSR.  That  is,  the  SR  module  is  connected  to  multiple  stages.  The 

number  of  stages  of  the  SR  modules  depends  on  the  required  flexibility  in  selecting  a  route  in  the  switch  and  allowable 
transmission  delay  time.  For  example,  a  3-stage  configuration  is  normally  adopted.  FIGs.  2A  through  2H  show  exam- 
ples  of  the  schematical  configurations  of  the  MSSR  switches  provided  with  3-stage  SR  modules. 

35  FIG.  2A  shows  an  example  of  the  configuration  of  the  MSSR  switch  when  three  SR  modules  1  1  through  13  of  the 
same  type  are  provided  for  each  stage  in  line.  The  cell  input  to  the  MSSR  switch  shown  in  FIG.  2A  is  output  after  being 
switched  first  by  an  SR  module  1  1  in  the  first  stage,  and  then  by  an  SR  module  1  2  in  the  second  stage,  and  an  SR  mod- 
ule  13  in  the  third  stage. 

The  switching  capacity  of  the  MSSR  switch  depends  on  its  configuration.  Assuming  that,  for  example,  the  capacity 
40  of  the  SR  module  is  20  Gbps,  the  capacity  of  the  1  -row  MSSR  switch  shown  in  FIG.  2A  is  20  Gbps. 

When  the  capacity  of  the  MSSR  switch  shown  in  FIG.  2A  is  to  be  extended,  one  SR  module  is  added  to  each  stage 
as  shown  in  FIG.  2B  to  form  a  2-row  MSSR  switch.  Thus,  the  cell  input  to  this  MSSR  switch  is  output  after  being  first 
switched  by  the  SR  module  11  or  21  in  the  first  stage,  then  switched  by  the  SR  module  12  or  22  in  the  second  stage, 
and  finally  switched  by  the  SR  module  13  or  23  in  the  third  stage.  Therefore,  the  capacity  of  the  MSSR  shown  in  FIG. 

45  2B  is  double  the  capacity  of  the  configuration  shown  in  FIG.  2A.  That  is,  the  capacity  can  be  doubled  by  reconfiguring 
a  1-row  MSSR  switch  into  a  2-row  MSSR  switch. 

When  the  switching  capacity  of  the  MSSR  switch  is  further  extended,  SR  modules  of  the  same  type  are  added  in 
3-module  units  (a  module  for  each  stage)  to  form  a  3-row,  4-row  and  8-row  MSSR  switches  as  shown  in  FIGs.  2C 
through  2H.  Thus,  the  capacity  of  the  MSSR  switch  can  be  extended  three  times,  four  times  and  eight  times. 

so  Extending  the  number  of  the  SR  modules  in  each  stage  of  the  MSSR  switch  to  increase  the  number  of  the  rows  of 
the  MSSR  switch  is  called  the  simple  extension  method. 

In  the  3-stage  MSSR  switch,  the  SR  modules  are  connected  by  cables  between  the  first  stage  and  the  second 
stage,  and  between  the  second  stage  and  the  third  stage.  FIG.  3  shows  an  example  of  connecting  the  2-row  MSSR 
switch  shown  in  FIG.  2B  using  cables.  Hereinafter,  the  SR  modules  are  explained  as  formed  by  a  matrix  of  8  x  8  ele- 

55  ments  as  shown  in  FIG.  1  . 
As  shown  in  FIG.  3,  in  the  2-row  MSSR  switch  configured  by  the  simple  extension  method,  eight  outputs  from  each 

SR  module  in  the  first  stage  are  connected  to  the  SR  modules  12  and  22  (four  outputs  to  each  module)  in  the  second 
stage.  In  the  example  shown  in  FIG.  3,  the  SR  module  1  1  is  connected  to  the  SR  module  12  through  cables  101  through 
104.  The  SR  module  1  1  is  connected  to  the  SR  module  22  through  cables  105  through  108.  Likewise,  eight  inputs  of 

2 
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each  SR  module  in  the  third  stage  are  connected  to  the  SR  modules  12  and  22  (four  outputs  to  each  module)  in  the 
second  stage. 

FIG.  4  shows  an  example  of  connecting  the  3-row  MSSR  switch  shown  in  FIG.  2C  using  cables.  In  the  3-row  MSSR 
switch,  eight  outputs  (3,  3,  and  2  outputs)  of  the  SR  modules  in  the  first  stage  are  connected  to  the  three  SR  modules 

5  in  the  second  stage.  The  connection  can  be  optionally  set.  In  FIG.  4,  the  SR  module  1  1  is  connected  to  the  SR  module 
12  through  cables  101  through  103.  The  SR  module  1  1  is  connected  to  the  SR  module  22  through  cables  104  through 
106.  The  SR  module  11  is  connected  to  the  SR  module  32  through  cables  107  and  108.  Similarly,  modules  are  con- 
nected  between  the  second  and  third  stages  through  2  or  3  cables  depending  on  the  positions. 

The  cables  should  be  reassigned  between  the  first  and  second  stages  or  the  second  and  third  stages  when  the  SR 
10  modules  31  through  33  are  added  to  extend  the  capacity  of  MSSR  switch  from  the  2-row  configuration  to  the  3-row  con- 

figuration  by  the  simple  extension  method,  as  clearly  shown  in  FIGs.  3  and  4.  That  is,  the  cable  104  which  connects  the 
SR  module  1  1  to  the  SR  module  12  in  the  2-row  configuration  should  be  reassigned  in  the  3-row  configuration  such  that 
it  connects  the  SR  module  1  1  to  the  SR  module  22.  Such  cable  reassigning  operations  are  also  performed  not  only  on 
the  cable  104  but  also  many  other  cables.  When  an  already  assigned  cable  is  moved,  a  special  technique  is  required 

15  to  assure  the  reliability  of  the  connected  points,  thereby  resulting  in  complicated  processes  with  an  increasing  number 
of  cables. 

If  the  above  described  cable  reassigning  operation  is  performed,  cell  passage  routes  may  be  changed.  Therefore, 
the  connection  admission  control  (CAC)  is  performed  again  on  each  SR  module  to  reset  the  route  again  so  that  each 
SR  module  can  be  efficiently  switched. 

20  Designing  the  MSSR  switch  using  the  simple  extension  method  produces  the  problem  of  a  block  rate.  The  block 
rate  is  described  below  with  reference  to  FIG.  4. 

For  example,  when  a  cell  is  input  to  the  SR  module  1  1  and  is  to  be  output  to  an  output  highway  connected  to  the 
SR  module  23,  the  cell  can  follow  three  routes  through  the  SR  modules  12,  22,  or  32. 

In  the  route  through  the  SR  module  12,  the  first  stage  is  connected  to  the  second  stage  via  the  three  cables  101 
25  through  103,  and  the  second  stage  is  connected  to  the  third  stage  via  the  three  cables  201  through  203.  Since  the 

number  of  the  cables  between  the  first  and  second  stages  is  the  same  as  that  between  the  second  and  third  stages,  a 
cell  transferred  from  the  SR  module  1  1  to  the  SR  module  1  2  is  transferred  to  the  SR  module  23  without  being  discarded. 

In  the  route  through  the  SR  module  32,  the  first  stage  is  connected  to  the  second  stage  via  the  two  cables  1  07  and 
108,  and  the  second  stage  is  connected  to  the  third  stage  via  the  three  cables  206  through  208.  Since  the  number  of 

30  the  cables  between  the  first  and  second  stages  is  smaller  than  that  between  the  second  and  third  stages,  a  cell  trans- 
ferred  from  the  SR  module  1  1  to  the  SR  module  32  is  transferred  to  the  SR  module  23  without  being  discarded. 

In  the  route  through  the  SR  module  22,  the  first  stage  is  connected  to  the  second  stage  via  the  three  cables  104 
through  1  06,  and  the  second  stage  is  connected  to  the  third  stage  via  the  two  cables  204  and  205.  Since  the  number 
of  the  cables  between  the  first  and  second  stages  is  larger  than  that  between  the  second  and  third  stages,  a  part  of  the 

35  cells  transferred  from  the  SR  module  1  1  to  the  SR  module  22  will  be  discarded  without  being  transferred  to  the  SR  mod- 
ule  23.  If  it  is  possible  for  cells  input  to  the  MSSR  switch  not  to  be  output  through  the  MSSR  switch,  the  logically  calcu- 
lated  ratio  of  the  cells  which  cannot  be  output  to  the  input  cells  is  referred  as  the  block  rate  of  the  MSSR  switch. 

The  block  rate  of  the  route  from  the  SR  module  1  1  to  the  SR  module  23  in  the  above  example  is  calculated  as  fol- 
lows,  assuming  that  the  SR  modules  are  the  same  type  and  an  equal  band  is  assigned  to  each  cable. 

40 
Block  Rate  =  1  -  (number  of  effective  cables  between  second  and  third  stages) 

(number  of  effective  cables  between  first  and  second  stages) 
=  1  -  (3+2+2)  h-  (3+3+2) 
=  0.125 
=  12.5% 

45 

As  shown  in  FIG.  4,  the  SR  module  32  is  connected  to  the  SR  module  23  via  three  cables  whereas  the  SR  module 
1  1  is  connected  to  the  SR  module  32  via  two  cables.  If  two  cables  are  provided  between  the  SR  module  32  and  the  SR 
module  23,  the  cell  transferred  from  the  SR  module  1  1  to  the  SR  module  32  can  be  transferred  to  the  SR  module  23 

so  without  being  discarded.  When  the  cell  is  routed  from  the  SR  module  1  1  to  the  SR  module  23,  two  cables  can  be  pro- 
vided  between  the  SR  module  32  and  the  SR  module  23,  thereby  the  number  of  the  effective  cables  between  SR  mod- 
ule  32  and  SR  module  23  being  taken  as  two  in  the  above  calculation. 

When  the  block  rate  of  the  3-stage  MSSR  switch  is  to  be  obtained,  the  above  mentioned  calculation  is  performed 
on  the  route  from  any  SR  module  in  the  first  stage  to  any  SR  module  in  the  third  stage.  The  maximum  value  (worst 

55  value)  of  the  calculated  values  is  defined  as  the  block  rate  of  the  MSSR  switch.  Table  1  shows  the  block  rate  obtained 
when  the  3-stage  MSSR  switch  designed  using  the  simple  extension  method  is  extended  from  the  first  to  eighth  rows 
sequentially. 

3 
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Table  1 

5 
Row  Number  1  2  3  4  5  6  7  8 

Block  Rate  0%  0%  12.5%  0%  25%  25%  12.5%  0% 

When  the  3-stage  MSSR  switch  is  extended  using  the  simple  extension  method  as  shown  in  Table  1  ,  the  block  rates 
10  of  the  1  -,  2-,  4-,  and  8-row  switch  indicate  0%  whereas  the  block  rates  of  the  3-,  5-,  6-,  and  7-row  switch  indicate  values 

other  than  0%. 
If  the  block  rate  is  not  0%,  the  use  rate  of  the  MSSR  switch  should  be  reduced.  That  is,  with  the  MSSR  switch  (for 

example,  in  the  3-row  configuration)  having  a  block  rate  of  12.5%,  if  the  sum  of  the  bands  requested  by  calls  (subscrib- 
ers)  exceeds  87.5%  of  the  switching  capacity,  then  calls  may  not  be  established.  That  is,  to  guarantee  the  band  of  the 

15  path  in  the  MSSR  switch,  the  use  rate  of  the  switch  should  be  equal  to  or  lower  than  87.5%.  Therefore,  such  an  MSSR 
switch  should  be  extended  when  the  sum  of  the  requested  bands  has  reached  87.5%  of  the  switching  capacity.  Thus, 
the  hardware  resources  cannot  be  used  efficiently. 

As  described  above,  the  simple  extension  method  has  the  demerits  that  the  cables  should  be  reassigned,  that  the 
path  should  be  reestablished,  and  that  the  resources  cannot  be  used  efficiently  due  to  the  block  rate.  To  solve  these 

20  problems,  the  2nd-stage  full  extension  method  has  been  developed. 
As  shown  in  FIG.  5,  the  2nd-stage  full  extension  method  refers  to  the  method  of  providing  the  largest  possible 

number  of  SR  modules  at  the  second  stage  of  the  MSSR  switch  at  the  initial  implementation.  In  this  example,  since 
each  SR  module  has  eight  inputs  and  outputs,  eight  SR  modules  12,  22,  32,  42,  52,  62,  72,  and  82  are  provided  in  the 
second  stage. 

25  The  configuration  shown  in  FIG.  5  is  applied  to  the  MSSR  switch  having  the  smallest  switching  capacity  using  the 
2nd-stage  full  extension  method.  The  first  and  third  stages  are  respectively  provided  with  a  switching  module  1  1  and  a 
switching  module  13.  Eight  outputs  of  the  SR  module  1  1  are  individually  connected  to  the  eight  SR  modules  in  the  sec- 
ond  stage.  Each  output  of  the  eight  SR  modules  is  connected  to  the  SR  module  13  in  the  third  stage. 

When  the  capacity  of  the  MSSR  switch  is  extended  using  the  2nd-stage  full  extension  method,  an  SR  module  21 
30  is  provided  in  the  first  stage  and  an  SR  module  23  is  provided  in  the  third  stage  as  shown  in  FIG.  6.  Each  of  the  eight 

outputs  of  the  SR  module  21  is  connected  to  the  eight  SR  modules  12,  22,  32,  42,  52,  62,  72,  and  82  in  the  second 
stage.  Each  of  the  outputs  of  the  eight  modules  is  connected  to  the  SR  module  23  in  the  third  stage.  In  FIG.  6,  cables 
from  the  SR  module  1  1  or  to  the  SR  module  1  3  are  omitted  for  clarity  of  the  figure.  The  cables  shown  in  FIG.  5  are  used 
as  is.  When  the  switching  capacity  is  further  extended,  the  SR  modules  are  added  to  the  first  and  third  stages  sequen- 

35  tially,  and  each  of  the  added  SR  modules  is  connected  to  the  eight  SR  modules  in  the  second  stage  via  cables. 
Thus,  according  to  the  2nd-stage  full  extension  method,  the  SR  modules  can  be  extended  using  only  additional 

cables.  That  is,  it  is  not  necessary  to  reassign  cables  between  SR  modules  after  removing  them  from  other  SR  mod- 
ules.  It  is  also  not  necessary  to  redefine  a  path  in  the  MSSR  switch.  Since  the  number  of  cables  between  SR  modules 
is  same  and  the  connection  of  the  cables  between  the  first  and  second  stages  is  in  symmetry  with  the  connection  of  the 

40  cables  between  the  second  and  third  stages  (the  second  stage  shows  a  regular  configuration),  the  block  rate  is  0%. 
However,  according  to  the  2nd-stage  full  extension  method,  more  SR  modules  are  required  than  in  the  simple 

extension  method.  For  example,  a  basically  equal  switching  capacity  is  required  by  the  1  -row  MSSR  switch  by  the  sim- 
ple  extension  method  as  shown  in  FIG.  2A  and  by  the  initially-configured  (1  -row)  MSSR  switch  using  the  2nd-stage  full 
extension  method  as  shown  in  FIG.  5.  However,  the  number  of  SR  modules  in  the  2nd-stage  full  extension  method  is 

45  3.3  times  more  than  that  in  the  simple  extension  method  (3  modules  in  the  simple  extension  method;  and  10  modules 
in  the  2nd-stage  full  extension  method).  Since  the  SR  modules  are  expensive,  the  2nd-stage  full  extension  method  is 
less  advantageous  in  cost  than  the  simple  extension  method. 

As  explained  above,  the  simple  extension  method  and  the  2nd-stage  full  extension  method  are  adopted  in  extend- 
ing  the  MSSR  switch.  However,  no  methods  are  recommended  in  consideration  of  the  cost,  operability,  or  efficiency  in 

so  resources. 

Summary  of  the  Invention 

The  present  invention  has  been  developed  to  solve  the  above  listed  problems,  and  aims  at  providing  the  method  of 
55  extending  the  switch  with  great  effectiveness  in  cost,  operability,  and  efficiency  of  the  resources. 

The  method  of  extending  a  multistage  connection  switch  according  to  the  present  invention  for  use  with  a  multi- 
stage  connection  switch,  comprising  an  input  stage  having  at  least  one  switching  module,  an  output  stage  having  at 
least  one  switching  module,  and  an  intermediate  stage  provided  between  the  input  stage  and  output  stage,  having  at 
least  one  stage,  comprises  the  steps  of  initially  setting  a  number  of  switching  modules  corresponding  to  the  estimated 

4 
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largest  switching  ability  in  each  stage  of  the  intermediate  stage;  providing  a  predetermined  number  of  switching  mod- 
ules  in  the  input  and  output  stages  for  extending  the  switch;  and  connecting  each  switching  module  provided  in  the  input 
stage  and  output  stage,  to  the  switching  module  provided  at  a  predetermined  position  in  the  intermediate  stage. 

The  multistage  connection  switch  according  to  the  present  invention  comprises  an  input  stage  having  a  switching 
5  module  for  switching  a  path  of  a  cell  and  predetermined  number  N  of  switching  modules;  an  output  stage  having  a  pre- 

determined  number  N  of  the  switching  modules;  and  an  intermediate  stage  having  at  least  one  stage,  and  initially  hav- 
ing,  in  each  stage,  a  number  of  switching  modules  corresponding  to  the  estimated  largest  switching  ability,  as  being 
connected  to  each  of  the  switching  modules  provided  in  the  input  and  output  stages. 

Adopting  such  a  stepwise  switch  configuration  method  depending  on  the  switching  requirements  reduces  the 
10  amount  of  operations  in  the  cable  reassignment  process  when  the  switch  is  extended,  and  also  reduces  the  required 

cost. 
Furthermore,  assuming  that  N  (natural  number)  inputs/outputs  are  provided  for  the  switching  modules  provided  in 

the  input  stage  and  output  stage,  the  number  of  the  switching  modules  provided  in  the  intermediate  stage  is  a  divisor 
of  the  number  of  inputs/outputs  provided  for  the  switching  module.  Since  the  inputs/outputs  of  each  switching  module 

15  provided  in  the  intermediate  stage  are  connected  via  a  same  number  of  cables,  the  connection  of  the  input  terminal  is 
in  symmetry  with  that  of  the  output  terminal  at  the  intermediate  stage.  Therefore,  the  block  rate  can  be  set  to  0,  and  the 
switching  modules  can  be  operated  for  the  full  switching  capacity. 

If  a  plurality  of  submodules  form  each  switching  module  provided  in  the  intermediate  stage,  the  configuration  of 
each  switching  module  in  the  intermediate  stage  can  be  optimized  depending  on  the  ability  of  the  switching  unit,  thereby 

20  removing  any  waste  of  switching  elements,  etc. 
Other  objects  and  features  of  the  present  invention  are  clearly  described  below  by  referring  to  the  attached  draw- 

ings. 

Brief  Description  of  the  Drawings 
25 

FIG.  1  shows  the  configuration  of  the  SR  module  comprising  8x8  switching  elements; 
FIGs.  2A  through  2H  show  the  simple  extension  method  in  the  3-stage  MSSR  switch,  each  showing  the  1-row 
through  8-row  configurations; 
FIG.  3  shows  an  example  of  connecting  cables  when  the  2-row  MSSR  switch  is  configured  using  the  simple  exten- 

30  sion  method; 
FIG.  4  shows  an  example  of  connecting  cables  when  the  3-row  MSSR  switch  is  configured  using  the  simple  exten- 
sion  method; 
FIG.  5  shows  the  initial  settings  using  the  2nd-stage  full  extension  method; 
FIG.  6  shows  the  extension  procedure  using  the  2nd-stage  full  extension  method; 

35  FIG.  7  shows  the  principle  of  the  present  invention; 
FIG.  8  shows  a  configuration  of  the  entire  switch  according  to  the  present  invention; 
FIGs.  9A  through  9D  show  the  procedure  of  extending  the  MSSR  switch  of  the  middle-scale  switching  unit  accord- 
ing  to  the  stepwise  2nd-stage  full  extension  method,  and  respectively  show  the  configurations  for  20  Gbps,  40 
Gbps,  60  Gbps,  and  80  Gbps; 

40  FIG.  1  0  shows  the  connection  of  the  cables  when  the  switching  capacity  is  20  Gbps; 
FIG.  1  1  shows  the  connection  of  the  cables  when  the  switching  capacity  is  40  Gbps; 
FIGs.  1  2A  through  1  2D  show  the  procedure  of  extending  the  MSSR  switch  of  the  large-scale  switching  unit  accord- 
ing  to  the  stepwise  2nd-stage  full  extension  method,  and  respectively  show  the  configurations  for  100  Gbps,  120 
Gbps,  140  Gbps,  and  160  Gbps; 

45  FIG.  13A  shows  the  configuration  of  the  SR  module  as  a  combination  of  4x4  blocks; 
FIG.  13B  shows  the  configuration  of  the  SR  module  as  a  combination  of  8x4  blocks; 
FIG.  14  shows  the  configuration  of  the  SR  module  with  a  20  Gbps  switching  capacity  realized  by  providing  a  par- 
tially-implemented  SR  module  in  the  second  stage  of  the  MSSR  switch;  and 
FIGs.  1  5A  through  1  5D  show  the  2nd-stage  irregular  extension  method,  each  for  20  Gbps,  40  Gbps,  60  Gbps,  and 

so  80  Gbps. 

Description  of  the  Preferred  Embodiments 

The  procedure  of  realizing  the  present  invention  is  described  by  referring  to  FIG.  7. 
55  The  method  of  extending  the  multistage  connection  switch  according  to  the  present  invention  is  based  on  an  input 

stage  1  having  at  least  one  switching  module;  an  output  stage  2  having  at  least  one  switching  module;  and  an  interme- 
diate  stage  3,  provided  between  the  input  stage  1  and  the  output  stage  2,  having  at  least  one  stage.  This  method  com- 
prises  the  following  procedures. 

5 
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In  procedure  1  ,  a  number  of  switching  modules  corresponding  to  the  estimated  largest  switching  ability  are  initially 
provided  in  each  stage  of  the  intermediate  stage  3. 

In  procedure  2,  a  predetermined  number  of  switching  modules  are  provided  in  the  input  stage  1  and  output  stage 
2  when  the  switch  is  extended. 

5  In  procedure  3,  each  of  the  switching  modules  provided  in  the  input  stage  1  and  output  stage  2  is  connected  to  the 
switching  module  provided  in  a  predetermined  position  of  the  intermediate  stage  3.  The  switching  module  provided  in 
a  predetermined  position  refers  to  either  a  switching  module  belonging  to  the  first  and  last  stages  in  the  intermediate 
stage  3  when  the  intermediate  stage  3  is  formed  by  a  plurality  of  stages,  or  to  a  switching  module  belonging  to  the  one 
stage  when  the  intermediate  stage  3  comprises  the  one  stage  only. 

10  Each  switching  module  refers  to  a  self-routing  switching  module  (SR  module)  for  switching,  for  example,  ATM  cells, 
and  a  multistage  self-routing  (MSSR)  switch  comprises  the  input  stage  1  ,  output  stage  2,  and  intermediate  stage  3. 

The  switching  module  can  be  configured  by  combining  a  plurality  of  submodules,  and  a  module  (partially-imple- 
mented  module)  comprising  a  predetermined  number  (for  example,  1)  of  submodules  can  be  provided  as  each  switch- 
ing  module  of  the  intermediate  stage  3. 

15  The  above  described  switching  module  can  comprise  N  (natural  number)  inputs  and  outputs  to  provide  in  each 
stage  of  the  intermediate  stage  3,  the  number  of  switching  modules  being  a  divisor  of  N  and  corresponding  to  the  esti- 
mated  largest  switching  ability. 

According  to  the  method  of  extending  the  multistage  connection  switch  of  the  present  invention,  the  number  of 
switching  modules  corresponding  to  the  estimated  largest  switching  ability  are  provided  in  the  intermediate  stage  3. 

20  Therefore,  the  number  of  switching  modules  initially  provided  in  the  intermediate  stage  3  is  not  unnecessarily  large, 
thereby  reducing  the  required  cost. 

Since  the  number  of  switching  modules  corresponding  to  the  estimated  largest  switching  ability  are  initially  pro- 
vided  in  the  intermediate  stage  3,  the  cables  connecting  the  switching  modules  already  provided  at  the  input  stage  1 
and  output  stage  2  to  the  intermediate  stage  3  are  used  as  is  when  the  switching  modules  are  extended.  When  the 

25  desired  number  of  switching  modules  are  added  to  the  input  stage  1  and  output  stage  2,  the  newly  added  switching 
modules  are  connected  to  the  switching  modules  provided  in  the  predetermined  position  of  the  intermediate  stage  3.  In 
this  extension  procedure,  the  cables  are  not  reassigned. 

If  each  of  the  switching  modules  of  the  intermediate  stage  3  is  a  partially-implemented  module,  the  partially-imple- 
mented  module  has  less  number  of  submodules  and  costs  less  to  produce  than  normal  switching  modules,  thereby 

30  realizing  the  multistage  connection  switches  at  a  lower  cost. 
Assuming  that  the  number  of  switching  modules  provided  in  each  stage  of  the  intermediate  stage  3  is  a  divisor  of 

N,  N  outputs  or  inputs  of  each  of  the  switching  modules  of  the  input  stage  1  or  output  stage  2  can  be  connected  uni- 
formly  to  each  switching  module  of  a  predetermined  stage  in  the  intermediate  stage  3. 

According  to  the  embodiment  of  the  present  invention,  a  3-stage  MSSR  switch  is  extended  as  described  below. 
35  Each  SR  module  forming  part  of  the  MSSR  switch  has  the  8x8  configuration  shown  in  FIG.  1  .  The  SR  module  contains 

eight  input  and  output  highways,  and  each  highway  is  assigned  a  2.4  Gbps  band.  Therefore,  the  switching  capacity  of 
one  SR  module  is  about  20  Gbps. 

The  switching  capacity  required  for  a  switching  unit  depends  on  the  type  of  service.  In  a  region  where  the  service 
given  is  the  transmission  of  voice  and  data,  the  capacity  is  1  0  -  50  Gbps.  If  the  service  provided  is  the  transmitting  of 

40  images,  such  as  video  on  demand,  the  capacity  can  be  100  -  150  Gbps.  That  is,  there  are  two  sizes  of  the  switching 
unit.  With  the  switching  unit  of  10  -  50  Gbps  capacity,  it  is  operated  with  the  switching  capacity  of  10  -  20  Gbps  at  the 
time  of  initial  operation.  When  the  sum  of  the  subscribers'  request  bands  becomes  larger  with  an  increasing  number  of 
subscribers,  the  switching  capacity  can  be  extended  up  to  several  1  0  Gbps  so  that  the  switching  unit  can  provide  suffi- 
cient  services.  Such  switching  units  are  referred  to  as  middle-scale  switching  units.  With  a  switching  unit  of  100  Gbps 

45  capacity,  it  is  operated  with  the  switching  capacity  of  about  1  00  Gbps  at  the  time  of  initial  operation.  With  an  increasing 
number  of  subscribers,  the  switching  capacity  can  be  extended  to  1  50  Gbps  or  more.  Such  switching  units  are  referred 
to  as  large-scale  switching  units. 

The  method  of  extending  the  MSSR  switch  explained  according  to  the  present  embodiment  is  referred  to  as  a  step- 
wise  2nd-stage  full  extension  method.  In  the  stepwise  2nd-stage  full  extension  method,  the  size  of  the  switching  unit 

so  (switching  capacity)  is  estimated  taking  the  future  extension  into  account,  and  the  maximum  number  of  the  SR  modules 
for  the  estimated  switching  unit  are  provided  in  the  second  stage  of  the  MSSR  switch  at  the  time  of  initial  operation.  In 
this  case,  the  number  of  the  SR  modules  provided  in  the  second  stage  of  the  MSSR  switch  is  a  divisor  of  the  number 
of  input  or  output  highways  of  each  SR  module.  For  example,  with  the  middle-scale  switching  unit  having  a  switching 
capacity  up  to  several  10  Gbps,  since  eight  input/output  highways  are  provided  for  each  SR  module,  four  SR  modules 

55  are  provided  in  the  second  stage  of  the  MSSR  switch  at  the  time  of  initial  operation.  With  the  large-scale  switching  unit 
having  a  switching  capacity  of  100  Gbps  or  more,  eight  SR  modules  are  provided  in  the  second  stage  of  the  MSSR 
switch  at  the  time  of  initial  operation. 

FIG.  8  shows  the  configuration  of  the  entire  switch  according  to  the  present  invention. 
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A  high  speed  interface  shelf  (HIFSH)  and  medium  speed  interface  shelf  (MIFSH)  accommodate  subscriber  lines  or 
inter-station  lines  to  transmit  cells.  The  HIFSH  and  MIFSH  convert  cells  transferred  through  the  subscriber  or  inter-sta- 
tion  lines  into  the  format  in  which  the  cells  are  switched  by  the  switching  unit.  Then,  the  HIFSH  and  MIFSH  input  the 
cells  to  the  switching  unit.  They  also  output  the  cells  switched  by  the  switching  unit  to  predetermined  subscriber  lines  or 

5  inter-station  lines.  With  the  configuration,  the  HIFSH  contains  four  subscriber  or  inter-station  lines.  Likewise,  the  MIFSH 
contains  sixteen  subscriber  or  inter-station  lines.  The  transmission  speed  of  the  lines  accommodated  by  the  HIFSH  and 
MIFSH  is,  for  example,  622  Mbps  through  the  HIFSH  and  less  than  156  Mbps  through  the  MIFSH. 

The  cell  concentration  shelf  (CCRSH)  has  the  concentration  and  distribution  capabilities.  That  is,  the  output  lines 
of  the  HIFSH  and  MIFSH  are  concentrated  and  connected  to  the  switching  unit,  and  the  output  line  of  the  switching  unit 

10  is  distributed  and  connected  to  the  HIFSH  and  MIFSH. 
The  body  of  the  switching  unit  is  designed  as  a  3-stage  configuration  and  comprises  a  cell  routing  switch  shelf  A 

(CRSWSH-A)  and  a  cell  routing  switch  shelf  B  (CRSWSH-B).  The  CRSWSH-A  comprises  a  first-stage  and  third-stage 
switching  modules  while  the  CRSWSH-B  comprises  a  second-stage  switching  module.  The  first  and  third  stages  shown 
in  FIG.  8  respectively  correspond  to  the  input  and  output  stages  shown  in  FIG.  7,  and  the  second  stage  corresponds  to 

15  an  intermediate  stage. 
Each  processor  (PR)  is  provided  for  two  switching  module  at  the  first  and  third  stages  commonly  and  manages  the 

switching  modules.  In  the  case  shown  in  FIG.  8,  eight  switching  modules  are  provided  in  each  of  the  first  and  third 
stages,  They  are  also  provided  with  eight  processors  (PR).  The  number  of  switching  modules  in  the  first  and  third 
stages  can  be  easily  changed  because  one  PR  and  two  switching  modules  are  added  or  deleted  as  one  group.  The 

20  switching  module  in  the  second  stage  is  controlled  by  one  main  processor  (MPR).  The  MPR  is  connected  to  the  proc- 
essor  PR  for  controlling  each  of  the  switching  modules  of  the  CRSWSH-A  to  control  the  entire  switching  unit  by  referring 
to  the  operations  of  other  PRs. 

The  control  is  integrally  performed  by  the  MPR,  that  is,  in  a  call  process.  In  this  process,  a  call  is  received  from  a 
subscriber,  a  path  is  established,  a  band  is  managed,  a  termination  process  is  made,  the  path  is  released,  the  band  is 

25  restored,  etc. 
Each  of  the  HIFSH,  MIFSH,  CCRSH,  CRSWSH-A,  CRSWSH-B  is  provided  in  twos  for  fault  tolerance. 
With  the  above  described  configuration,  the  cells  are  transferred  in  the  switch  through  the  following  route.  The 

header,  etc.  of  the  cell  transferred  through  the  subscriber  or  inter-station  line  is  converted  by  the  MIFSH  or  HIFSH,  and 
is  input  to  the  switching  unit  through  the  CCRSH.  In  the  switching  unit,  the  cell  is  switched  in  the  first,  second,  and  third 

30  stages  sequentially  in  this  order.  The  cell  output  from  the  third  stage  is  transferred  again  to  the  CCRSH,  and  output  to 
a  predetermined  subscriber  or  inter-station  line  through  the  MIFSH  or  HIFSH  depending  on  the  destination. 

FIGs.  9A  through  9D  show  the  procedures  in  which  the  stepwise  2nd-stage  full  extension  method  is  applied  to  the 
middle-scale  switching  unit.  FIG.  9A  shows  the  configuration  of  the  SR  module  of  the  MSSR  switch  having  a  switching 
capacity  of  20  Gbps.  As  shown  in  FIG.  9A,  the  first  and  third  stages  of  the  MSSR  switch  are  respectively  provided  with 

35  the  SR  module  1  1  and  the  SR  module  13.  Four  SR  modules  12,  22,  32,  and  42  are  provided  at  the  second  stage.  As 
shown  in  FIG.  10,  eight  outputs  of  the  SR  module  1  1  are  connected  to  the  four  SR  modules  12,  22,  32,  and  42  of  the 
second  stage,  via  two  cables  for  each  module  between  the  first  and  second  stages.  Between  the  second  and  third 
stages,  the  eight  inputs  are  connected  from  the  four  modules  in  the  second  stage  to  the  SR  module  13  via  two  cables 
for  each  module. 

40  Thus,  the  cables  connecting  the  SR  modules  are  used  in  2-cable  units.  The  connection  between  the  first  and  sec- 
ond  stages  is  in  symmetry  with  that  between  the  second  and  third  stages  (the  second  stage  shows  a  regular  configu- 
ration).  Therefore,  the  cell  output  after  switching  by  the  SR  module  1  1  is  switched  by  one  of  the  four  SR  modules  in  the 
second  stage.  This  cell  is  not  discarded  but  is  transferred  to  the  SR  module  13  in  the  third  stage.  Accordingly,  its  block 
rate  is  0%.  The  MSSR  switch  can  perform  switch  and  connect  operation  to  the  maximum  switching  capacity.  That  is,  the 

45  MSSR  switch  sets  calls  until  the  sum  of  bands  requested  by  the  calls  approaches  20  Gbps. 
When  the  switching  capacity  is  extended  to  40  Gbps,  the  first  and  third  SR  modules  of  the  MSSR  switch  are 

designed  in  a  2-row  configuration  as  shown  in  FIG.  9B.  That  is,  the  SR  modules  21  and  23  are  provided  in  the  first  and 
third  stages  respectively.  FIG.  1  1  shows  the  connection  of  the  cables.  In  the  40  Gbps  MSSR  switch,  the  eight  outputs 
of  the  SR  module  21  are  connected  to  the  four  SR  modules  12,  22,  32,  and  42  in  the  second  stage  via  2  cables  for  each 

so  module.  The  eight  inputs  to  the  SR  module  23  are  connected  to  the  four  SR  modules  at  the  second  stage  via  two  cables 
for  each  module.  In  FIG.  11,  the  cables  are  omitted  between  the  SR  modules  11  or  1  3  and  the  four  SR  modules  in  the 
second  stage  for  clarity  of  the  figure  but  in  practise  the  cables  shown  in  FIG.  10  are  used. 

Thus,  the  MSSR  switch  with  the  switching  capacity  extended  to  40  Gbps  has  double  cables  for  connection  to  each 
SR  module,  and  the  cable  connection  between  the  first  and  second  stages  is  in  symmetry  with  that  between  the  second 

55  and  third  stages.  Therefore,  the  block  rate  is  0%  and  the  switching  and  connecting  processes  are  performed  to  the  max- 
imum  switching  capacity.  When  the  switching  capacity  of  the  MSSR  switch  is  extended  from  20  Gbps  to  40  Gbps,  only 
the  cables  between  the  SR  module  21  or  23  and  the  four  SR  modules  in  the  second  stage  are  required.  That  is,  the 
extension  can  be  completed  without  reassigning  the  cables  used  in  the  configuration  for  20  Gbps. 
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When  the  capacity  of  the  MSSR  switch  is  extended  to  60  Gbps,  the  SR  modules  are  designed  in  a  3-row  configu- 
ration  by  providing  the  SR  modules  31  and  33  in  the  first  and  third  stages  respectively  as  shown  in  FIG.  9C.  The  con- 
nection  of  the  cables  is  made  as  shown  in  FIG.  1  1  such  that  double  cables  connect  the  newly  provided  SR  modules  in 
the  first  and  third  stages  to  the  four  SR  modules  in  the  second  stage. 

When  the  capacity  of  the  MSSR  switch  is  extended  to  80  Gbps,  the  SR  modules  are  designed  in  a  4-row  configu- 
ration  by  providing  the  SR  modules  41  and  43  in  the  first  and  third  stages  respectively  as  shown  in  FIG.  9D.  The  con- 
nection  of  the  cables  is  made  as  shown  in  FIG.  1  1  such  that  double  cables  connect  the  newly  provided  SR  modules  in 
the  first  and  third  stages  to  the  four  SR  modules  in  the  second  stage. 

Thus,  the  MSSR  switch  with  the  switching  capacity  extended  to  60  or  80  Gbps  has  double  cables  for  connection  to 
each  SR  module,  and  the  cable  connection  between  the  first  and  second  stages  is  in  symmetry  with  that  between  the 
second  and  third  stages.  Therefore,  the  block  rate  is  0%  and  the  switching  and  connecting  processes  are  performed  to 
the  maximum  switching  capacity.  The  switching  capacity  of  the  MSSR  switch  can  be  extended  simply  by  connecting 
additional  cables,  after  providing  the  SR  modules  in  the  first  and  third  stages,  without  reassigning  the  existing  cables  or 
paths  in  the  MSSR  switch. 

The  stepwise  2nd-stage  full  extension  method  thus  enables  the  capacity  of  the  MSSR  switch  to  be  sequentially 
extended  from  20  to  80  Gbps  at  a  0%  block  rate  for  each  capacity  without  reassigning  the  cables. 

FIGs.  12A  through  12D  show  the  procedures  in  which  the  stepwise  2nd-stage  full  extension  method  is  applied  to  a 
large-scale  switching  unit.  The  switching  capacity  of  the  large-scale  switching  unit  is  1  00  Gbps  at  the  time  of  initial  oper- 
ation. 

FIG.  12A  shows  the  configuration  of  the  SR  module  of  the  MSSR  switch  having  a  switching  capacity  of  100  Gbps. 
As  shown  in  FIG.  12A,  the  first  and  third  stages  of  the  MSSR  switch  are  provided  with  five  SR  modules  each  to  realize 
the  switching  capacity  of  100  Gbps.  Eight  SR  modules  12,  22,  32,  42,  52,  62,  72,  and  82  are  provided  in  the  second 
stage.  Between  the  first  and  second  stages,  eight  outputs  from  each  SR  module  in  the  first  stage  are  connected  to  the 
eight  SR  modules  in  the  second  stage  via  one  cable  for  each  module.  Between  the  second  and  third  stages,  the  eight 
inputs  of  each  SR  module  in  the  third  stage  are  connected  to  the  eight  modules  in  the  second  stage  via  one  cable  for 
each  module. 

Thus,  the  cables  connecting  the  SR  modules  are  used  individually.  The  connection  between  the  first  and  second 
stages  is  in  symmetry  with  that  between  the  second  and  third  stages.  Accordingly,  the  block  rate  is  0%,  and  the  MSSR 
switch  can  perform  switch  and  connect  operation  to  the  maximum  switching  capacity. 

When  the  switching  capacity  is  extended  to  120  Gbps,  SR  modules  61  and  63  are  provided  in  the  first  and  third 
stages  of  the  MSSR  switch  for  a  6-row  configuration  as  shown  in  FIG.  1  2B.  The  8  outputs  of  the  SR  module  61  are  con- 
nected  to  the  eight  SR  modules  in  the  second  stage.  The  eight  inputs  to  the  SR  module  63  are  connected  to  the  eight 
SR  modules  in  the  second  stage.  The  cables  between  the  SR  modules  1  1,  21,  31,  41,  or  51,  or  the  SR  modules  13,  23, 
33,  43,  or  53  and  the  eight  SR  modules  in  the  second  stage  are  those  used  when  the  switching  capacity  is  100  Gbps. 

With  the  MSSR  switch  having  the  switching  capacity  extended  to  120  Gbps,  the  cables  connecting  the  SR  modules 
are  used  individually.  The  connection  between  the  first  and  second  stages  is  in  symmetry  with  that  between  the  second 
and  third  stages.  Accordingly,  the  block  rate  is  0%,  and  the  MSSR  switch  can  perform  switch  and  connect  operation  to 
the  maximum  switching  capacity.  The  capacity  of  the  MSSR  switch  can  be  extended  from  1  00  Gbps  to  1  20  Gbps  simply 
by  connecting  the  cables  between  the  SR  module  61  or  63  to  the  eight  SR  modules  in  the  second  stage.  That  is,  the 
extension  can  be  completed  without  reassigning  the  cables  used  in  the  configuration  for  100  Gbps. 

When  the  capacity  of  the  MSSR  switch  is  extended  from  120  Gbps  to  140  Gbps,  the  SR  modules  are  designed  in 
a  7-row  configuration  by  providing  the  SR  modules  71  and  73  in  the  first  and  third  stages  respectively  as  shown  in  FIG. 
12C.  The  connection  of  the  cables  is  made  as  described  above  such  that  each  cable  connects  the  newly  provided  SR 
modules  in  the  first  and  third  stages  to  the  eight  SR  modules  in  the  second  stage. 

When  the  capacity  of  the  MSSR  switch  is  extended  to  160  Gbps,  the  SR  modules  are  designed  in  a  8-row  config- 
uration  by  providing  the  SR  modules  81  and  83  in  the  first  and  third  stages  respectively  as  shown  in  FIG.  1  2D.  The  con- 
nection  of  the  cables  is  made  as  described  above  such  that  each  cable  connects  the  newly  provided  SR  modules  in  the 
first  and  third  stages  to  the  eight  SR  modules  in  the  second  stage. 

With  the  MSSR  switch  having  the  switching  capacity  extended  to  140  or  160  Gbps,  the  cables  connecting  the  SR 
modules  are  used  individually.  The  connection  between  the  first  and  second  stages  is  in  symmetry  with  that  between 
the  second  and  third  stages.  Accordingly,  the  block  rate  is  0%,  and  the  MSSR  switch  can  perform  switch  and  connect 
operation  to  the  maximum  switching  capacity.  The  switching  capacity  of  the  MSSR  switch  can  be  extended  simply  by 
connecting  additional  cables,  after  providing  the  SR  modules  in  the  first  and  third  stages,  without  reassigning  the  cables 
or  paths  in  the  MSSR  switch. 

The  stepwise  2nd-stage  full  extension  method  thus  enables  the  capacity  of  the  MSSR  switch  to  be  sequentially 
extended  from  100  to  160  Gbps  at  a  0%  block  rate  for  each  capacity  without  reassigning  the  cables. 

As  described  above,  the  number  of  SR  modules  in  the  second  stage  of  the  MSSR  switch  is  a  divisor  of  the  number 
of  inputs/outputs  of  the  SR  module  according  to  the  stepwise  2nd-stage  full  extension  method.  Accordingly,  the  eight 
inputs  or  outputs  of  each  SR  module  in  the  first  or  third  stage  are  divided  equally  for  connection  to  each  SR  module  in 
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the  second  stage.  For  example,  in  the  above  described  middle-scale  switching  unit,  four  SR  modules  are  provided  in 
the  second  stage  of  the  MSSR  switch,  and  the  eight  inputs  or  outputs  of  each  SR  module  in  the  first  or  third  stage  are 
connected  in  pairs  to  each  SR  module  in  the  second  stage.  Thus,  the  connection  between  the  first  and  second  stages 
is  in  symmetry  with  that  between  the  second  and  third  stages  (the  second  stage  shows  a  regular  configuration),  and  the 

5  block  rate  is  0%.  The  number  of  inputs/outputs  of  the  SR  module  should  be  a  value  other  than  a  prime  number,  because 
a  prime  number  turns  the  stepwise  2nd-stage  full  extension  method  into  the  2nd-stage  full  extension  method. 

According  to  the  stepwise  2nd-stage  full  extension  method  in  the  present  embodiment,  four  SR  modules  are  pro- 
vided  in  the  second  stage  of  the  MSSR  switch  of  the  middle-scale  switching  unit.  Therefore,  each  SR  module  in  the  sec- 
ond  stage  is  connected  to  two  input/output  cables  when  the  switching  capacity  is,  for  example,  20  Gbps.  Each  SR 

10  module  in  the  second  stage  uses  only  a  few  part  of  the  available  64  switch  elements.  That  is,  many  of  the  switch  ele- 
ments  remain  unused  in  each  SR  module  in  the  second  stage.  That  is,  most  of  the  switch  elements  of  each  SR  module 
in  the  second  stage  are  unused. 

In  this  situation,  each  SR  module  consists  of  a  plurality  of  switch  blocks.  In  the  example  shown  in  FIG.  13A,  four 
switch  blocks  each  having  4x4  switching  elements  produce  an  8x8-element  SR  module.  In  the  example  shown  in  FIG. 

15  13B,  two  switch  blocks  each  having  8x4  switching  elements  produce  an  8x8-element  SR  module.  Depending  on  the 
required  capacity  of  the  MSSR  switch,  a  set  of  only  the  necessary  number  of  switch  blocks  (a  partially-implemented  SR 
module)  are  substituted  for  an  8x8-element  SR  module  in  predetermined  positions  of  the  MSSR  switch. 

FIG.  14  shows  the  configuration  for  realizing  a  switching  capacity  of  20  Gbps  by  providing  a  partially-implemented 
SR  module  in  the  second  stage  of  the  MSSR  switch. 

20  In  FIG.  14,  a  4x4-element  switch  block  shown  in  FIG.  13A  is  provided  as  a  partially-implemented  module.  Each  par- 
tially-implemented  module  has  a  switch  block  12a,  22a,  32a,  or  42a.  The  eight  outputs  of  the  SR  module  1  1  in  the  first 
stage  are  connected  in  pairs  to  each  switch  block  12a,  22a,  32a,  or  42a.  The  eight  inputs  to  the  SR  module  13  in  the 
third  stage  are  connected  in  pairs  to  the  above  described  four  switch  blocks. 

When  the  capacity  of  the  above  described  MSSR  switch  is  extended  to  40  Gbps,  the  SR  modules  21  and  23  are 
25  provided  in  the  first  and  third  stages  of  the  MSSR  switch  as  in  the  procedure  shown  in  FIG.  1  1  .  The  newly  provided  two 

SR  modules  are  connected  to  the  four  switch  blocks  1  2a,  22a,  32a,  and  42a  via  two  cables  for  each  of  the  switch  blocks. 
At  this  time,  cables  are  not  reassigned. 

Thus,  with  the  configuration  of  this  embodiment,  the  MSSR  switch  having  a  switching  capacity  of  20  Gbps  or  40 
Gbps  can  be  realized  by  providing  the  partially-implemented  modules,  each  of  which  is  configured  by  arranging  the  nec- 

30  essary  number  of  4x4-  or  8x4-element  switch  blocks  in  the  second  stage  of  the  MSSR  switch.  Since  the  production  cost 
of  each  switching  element  forming  part  of  the  SR  module  (switch  block)  is  very  high,  the  partially-implemented  module 
can  be  used  to  reduce  the  number  of  switching  elements  used  in  the  second  stage  of  the  MSSR  switch.  Thus,  the  entire 
cost  of  the  MSSR  switch  can  be  reduced  considerably. 

With  the  configuration  in  which  an  8x8-element  SR  module  is  formed  by  combining  the  switch  blocks  shown  in 
35  FIGs.  13A  and  13B,  the  capacity  of  the  MSSR  switch  is  extended  to  60  or  80  Gbps  by  fully  implementing  the  switch 

blocks.  That  is,  to  form  an  8x8-element  SR  module,  four  switch  blocks  are  implemented  when  each  switch  block  has  a 
4x4-element  configuration,  or  two  switch  blocks  are  implemented  when  each  switch  block  has  an  8x4-element  configu- 
ration.  When  an  MSSR  switch  having  the  switching  capacity  of  20  or  40  Gbps  is  produced,  the  cables  connecting  the 
SR  modules  in  the  first  and  third  stages  to  the  four  switch  blocks  12a,  22a,  32a,  and  42a  in  the  second  stage  are  used 

40  as  is,  thereby  requiring  no  reassignment  of  the  cables. 
Described  below  is  the  2nd-stage  irregular  extension  method,  that  is,  another  extension  method  according  to  the 

present  invention  by  referring  to  FIGs.  15A-15D.  In  the  2nd-stage  irregular  extension  method,  the  number  of  rows  of  the 
SR  modules  in  the  second  stage  of  the  MSSR  switch  is  determined  such  that  the  block  rate  shown  in  Table  1  is  0%. 
That  is,  the  number  of  SR  modules  in  the  second  stage  of  the  MSSR  switch  is  extended  sequentially  to  2,  4,  and  8. 

45  According  to  this  method,  the  capacity  can  be  extended  from  20  Gbps  to  40  Gbps  without  reassigning  the  cables, 
as  shown  in  FIGs.  15A  and  15B  when  the  number  of  SR  modules  in  the  second  stage  of  the  MSSR  switch  is  two.  When 
the  capacity  of  the  MSSR  switch  is  extended  from  40  Gbps  to  60  Gbps  using  the  2nd-stage  irregular  extension  method, 
the  number  of  the  SR  modules  in  the  second  stage  is  four  as  shown  in  FIG.  15C,  and  the  number  of  the  SR  modules  in 
the  first  and  third  stages  is  3  in  each  stage.  But  this  extension  requires  reassigning  cables.  Furthermore,  if  the  capacity 

so  of  the  MSSR  switch  is  extended  from  60  to  80  Gbps,  then  an  SR  module  is  added  to  the  first  and  third  stages  as  shown 
in  FIG.  15D.  The  cables  are  not  reassigned. 

When  the  capacity  of  the  MSSR  switch  is  extended  to  100  Gbps  or  more  using  the  2nd-stage  irregular  extension 
method,  the  number  of  the  SR  modules  in  the  second  stage  of  the  MSSR  switch  is  eight.  Therefore,  the  procedure  fol- 
lowed  when  the  capacity  of  the  MSSR  switch  is  extended  to  100  -  160  Gbps  is  the  stepwise  2nd-stage  full  extension 

55  method  shown  in  FIGs.  12A  thorough  12D. 
The  simple  extension  method  and  2nd-stage  full  extension  method  explained  above  as  the  conventional  extension 

methods  are  compared  with  the  stepwise  2nd-stage  full  extension  method  and  2nd-stage  irregular  extension  method 
which  are  the  extension  methods  according  to  the  present  invention.  The  evaluation  items  are  a  block  rate,  necessity  of 
a  path  reassignment,  necessity  of  cable  reassignment,  and  cost.  Table  2  shows  the  evaluation  results. 
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Table  2 

ITEM  SIMPLE  2ND-STAGE  2ND-STAGE  STEPWISE 
EXTENSION  FULL  IRREGULAR  2ND-STAGE 

EXTENSION  EXTENSION  FULL  EXTEN- 
METHOD  METHOD  SION  METHOD 

BLOCK  RATE  X  O  O  O  
REASSIGMENT  X  O  O  O  
OF  PATH 

REASSIGMENT  X  O  X  O  
OF  CABLE 

COST  o  X  A  A 

As  shown  in  Table  2,  the  stepwise  2nd-stage  full  extension  method  scores  high  points  for  each  item.  That  is, 
20  according  to  the  stepwise  2nd-stage  full  extension  method,  the  block  rate  is  0%  in  the  range  of  20  -  160  Gbps  (1-row 

through  8-row  configuration).  When  the  capacity  of  the  MSSR  switch  is  to  be  extended  in  the  range  of  20  -  80  Gbps  and 
in  the  range  of  100  through  160  Gbps,  cables  are  not  reassigned.  However,  the  cables  should  be  reassigned  when  the 
capacity  is  extended  from  80  Gbps  to  100  Gbps.  Nevertheless,  since  it  is  predicted  that  the  switching  unit  can  be  either 
the  size  of  50-100  Gbps  or  the  size  of  100  -  150  Gbps  as  described  above,  it  is  rare  to  extend  the  capacity  from  80  to 

25  100  Gbps.  Therefore,  the  evaluation  of  the  necessity  of  cable  reassignment  in  the  stepwise  2nd-stage  full  extension 
method  is  marked  as  "good:  represented  by  O"- 

The  cost  required  in  the  stepwise  2nd-stage  full  extension  method  is  compared  with  that  required  in  the  simple 
extension  method.  Since  the  number  of  SR  modules  in  the  second  stage  required  in  the  stepwise  2nd-stage  full  exten- 
sion  method  is  larger  than  that  required  in  the  simple  extension  method,  except  in  the  case  of  the  4-row  or  8-row  con- 

30  figurations,  the  stepwise  2nd-stage  full  extension  method  costs  more  than  the  simple  extension  method.  However,  if  the 
MSSR  switch  is  extended  using  the  simple  extension  method,  the  block  rate  may  indicate  a  value  other  than  0%  as 
shown  in  Table  1  ,  thereby  causing  the  use  rate  of  the  MSSR  switch  to  be  reduced.  Considering  the  reduction  in  use  rate, 
the  actual  cost  performance  of  the  simple  extension  method  can  be  calculated  by  multiplication  by  0.875  or  0.75.  There- 
fore,  the  actual  cost  of  the  stepwise  2nd-stage  full  extension  method  is  not  so  much  higher  than  that  of  the  simple  exten- 

35  sion  method. 
When  the  cost  required  in  the  stepwise  2nd-stage  full  extension  method  is  compared  with  that  required  in  the  2nd- 

stage  full  extension  method,  the  number  of  the  SR  modules  in  the  second  stage  in  the  1-  through  4-row  configurations 
(20  -  80  Gbps)  is  smaller  in  the  stepwise  2nd-stage  full  extension  method  than  in  the  2nd-stage  full  extension  method. 
Therefore,  the  stepwise  2nd-stage  full  extension  method  costs  less  than  the  2nd-stage  full  extension  method.  As  a 

40  result,  the  cost  evaluation  of  the  stepwise  2nd-stage  full  extension  method  is  marked  with  "medium:  represented  by  a". 
Table  3  shows  the  cost  comparison  among  the  above  listed  methods. 

45 

50 

55 
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T a b l e   3 

2  ND-  STAGE  2ND  -STAGE  f ^ ^ l S E  
cog  SIMPLE  IRREGULAR  FULL  FULL 
|   EXTENSION  EXTENSION  EXTENSION  EXTENSION 
z o   METHOD  METHOD  METHOD 

1  1 . 0 0   (3)   1 . 3 3   (4)  3 . 3 3 ( 1 0 )   2 . 0 0   ( 6 )  

2  1 . 0 0   (6)   1 . 0 0   (6)   2 . 0 0 ( 1 2 )   1 . 3 3   ( 8 )  

3  1 . 0 0   (9)   1.  11  ( 1 0 )   1 . 5 6   ( 1 4 )   1.  11  ( 1 0 )  

4  1 . 0 0 ( 1 2 )   1 . 0 0 ( 1 2 )   1 . 3 3 ( 1 6 )   1 . 0 0 ( 1 2 )  

5  1  .  0 0   (15)  1.  2 0   ( 1 8 )   1.  20   ( 1 8 )   1.  2 0   ( 1 8 )  

6  1  .  0 0   (18)   1.  11  ( 2 0 )   1.  11  ( 2 0 )   1.  11  ( 2 0 )  

7  1 . 0 0 ( 2 1 )   1 . 0 5 ( 2 2 )   1 . 0 5 ( 2 2 )   1 . 0 5 ( 2 2 )  

8  1 . 0 0 ( 2 4 )   1 . 0 0 ( 2 4 )   1 . 0 0 ( 2 4 )   1 . 0 0 ( 2 4 )  

The  numbers  in  (  )  i n d i c a t e   the  number  of  SR  m o d u l e s .  

25 
Though  normally  accompanied  by  a  slightly  higher  cost,  the  stepwise  2nd-stage  full  extension  method  is  not  inferior 

in  actual  cost  performance  to  the  simple  extension  method.  Relating  to  the  block  rate,  necessity  of  path  reassignment, 
and  necessity  of  cable  reassignment,  the  stepwise  2nd-stage  full  extension  method  is  advantageous  over  the  simple 
extension  method,  and  provides  a  merit  of  an  easier  extension  process.  When  the  stepwise  2nd-stage  full  extension 

30  method  is  compared  with  the  2nd-stage  full  extension  method,  they  are  almost  equal  in  the  ease  of  the  extension  proc- 
ess,  but  the  stepwise  2nd-stage  full  extension  method  can  reduce  the  cost,  especially  when  the  number  of  rows  is  4  or 
less  (80  Gbps  or  less). 

The  3-stage  MSSR  switch  has  been  described  based  on  the  above  mentioned  embodiment,  but  the  present  inven- 
tion  is  not  limited  to  this  configuration.  For  example,  when  the  present  invention  is  applied  to  the  5-stage  MSSR  switch, 

35  the  second  through  fourth  stages  are  fully  implemented.  That  is,  in  the  middle-scale  switching  unit,  fourth  SR  modules 
each  are  provided  at  the  second  through  fourth  stages.  In  a  large-scale  switching  unit,  eight  SR  modules  each  are  pro- 
vided  for  the  second  through  fourth  stages. 

According  to  the  above  described  embodiment,  each  SR  module  has  8x8  switching  elements.  However,  the 
present  invention  is  not  limited  to  this  configuration.  For  example,  each  module  can  have  elements  in  other  matrices 

40  such  as  4x4-  and  16x16-element  matrices.  The  present  invention  can  also  be  applied  to  the  SR  modules  in  the  form  of 
shared  memory. 

According  to  the  present  invention,  a  stepwise  switching  method  has  been  applied  depending  on  the  size  of  the 
switching  unit.  Therefore,  the  cable  reassigning  operation  performed  when  the  switch  is  extended  can  be  minimal, 
thereby  reducing  burden  of  the  extending  work  and  reducing  the  cost  required  by  the  new  switch  configuration. 

45  Having  described  a  specific  embodiment  of  our  bearing,  it  is  believed  obvious  that  modification  and  variation  of  our 
invention  is  possible  in  light  of  the  above  teachings. 

Claims 

so  1  .  A  multistage  connection  switch  extension  method  applied  to  a  multiple  stage  connection  switch  comprising  an  input 
stage  (1)  having  at  least  one  switching  module,  an  output  stage  (2)  having  at  least  one  switching  module,  and  an 
intermediate  stage  (3),  provided  between  the  input  stage  and  output  stage,  having  at  least  one  stage,  said  method 
comprising  the  steps  of: 

55  initially  setting,  in  each  stage  of  the  intermediate  stage  (3),  switching  modules  of  a  number  corresponding  to 
an  estimated  largest  switching  scale; 
setting  predetermined  numbers  of  switching  modules  for  extension  in  the  input  stage  (1)  and  output  stage  (2); 
and 
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connecting  each  switching  module  provided  in  the  input  stage  (1)  and  output  stage  (2)  to  the  switching  modules 
provided  at  predetermined  positions  of  the  intermediate  stage  (3). 

2.  The  multistage  connection  switch  extension  method  according  to  Claim  1,  wherein 

said  switching  module  comprises  a  plurality  of  submodules  (12a  -  42a);  and 
each  switching  module  in  the  intermediate  stage  (3)  comprises  a  plurality  of  submodules  (12a  -  42a). 

3.  The  multistage  connection  switch  extension  method  according  to  Claim  1,  wherein 

said  switching  module  has  N  (an  integer)  inputs  and  outputs;  and 
each  stage  in  the  intermediate  stage  (3)  comprises  a  number  of  a  divisor  of  the  N  of  the  switching  modules. 

4.  The  multistage  connection  switch  extension  method  according  to  Claim  3,  wherein 

said  N  indicating  a  number  of  the  inputs  and  outputs  of  the  switching  module  is  an  integer  other  than  a  prime 
number. 

5.  A  multistage  connection  switch,  having  switching  modules  used  in  a  communications  network  for  establishing  com- 
munications  by  a  cell  format,  for  switching  paths  of  cells,  said  switch  comprising: 

an  input  stage  (1)  comprising  a  predetermined  number  M  of  switching  modules; 
an  output  stage  (2)  comprising  the  predetermined  number  M  of  switching  modules;  and 
an  intermediate  stage  (3)  comprising  at  least  one  stage  and  having,  in  each  stage,  switching  modules  of  a 
number  corresponding  to  an  estimated  largest  switching  scale  connected  to  each  of  the  switching  modules 
provided  in  said  input  stage  (1)  and  output  stage  (2). 

6.  The  multistage  connection  switch  according  to  Claim  5,  wherein 

said  switching  module  comprises  a  plurality  of  submodules  (12a  -  42a);  and 
each  switching  module  in  the  intermediate  stage  (3)  comprises  a  plurality  of  submodules  (12a  -  42a). 

7.  The  multistage  connection  switch  according  to  Claim  5,  wherein 

said  switching  module  has  N  (an  integer)  inputs  and  outputs;  and 
each  stage  in  the  intermediate  stage  (3)  comprises  a  number  of  a  divisor  of  the  N  of  the  switching  modules. 

8.  The  multistage  connection  switch  according  to  Claim  7,  wherein 

said  N  indicating  a  number  of  the  inputs  and  outputs  of  the  switching  module  is  an  integer  other  than  a  prime 
number. 

9.  A  multistage  connection  switch  extension  method  applied  to  a  multiple  stage  connection  switch  comprising  an  input 
stage  (1)  having  at  least  one  switching  module,  an  output  stage  (2)  having  at  least  one  switching  module,  and  an 
intermediate  stage  (3),  provided  between  the  input  stage  and  output  stage,  having  at  least  one  stage,  said  method 
comprising  the  steps  of: 

setting  switching  modules  of  a  number  of  a  divisor  of  a  number  of  outputs  and  inputs  of  the  switching  module 
in  each  stage  of  the  intermediate  stage  (3),  corresponding  to  a  requested  switching  capacity; 
setting  predetermined  numbers  of  switching  modules  in  the  input  stage  (1)  and  output  stage  (2); 
connecting  each  switching  module  provided  in  the  input  stage  (1)  to  each  switching  module  provided  in  a  stage 
on  an  input  stage  side  of  the  intermediate  stage  (3)  via  M  cables;  and 
connecting  each  switching  module  provided  in  the  output  stage  (2)  to  each  switching  module  provided  on  an 
output  stage  side  of  the  intermediate  stage  (3)  via  M  cables. 

10.  A  multistage  connection  switch,  having  switching  modules  used  in  a  communications  network  for  establishing  com- 
munications  by  a  cell  format,  for  switching  paths  of  cells,  said  switch  comprising: 

an  input  stage  (1)  comprising  a  predetermined  number  N  of  switching  modules; 
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an  output  stage  (2)  comprising  the  predetermined  number  N  of  switching  modules;  and 
an  intermediate  stage  (3)  comprising  at  least  one  stage  for  setting,  corresponding  to  a  requested  switching 
capacity,  switching  modules  of  a  number  of  a  divisor  of  a  number  of  outputs  and  inputs  of  the  switching  module 
in  said  input  stage  (1)  and  output  stage  (2);  connecting  each  switching  module  provided  on  an  input  stage  side 
of  the  intermediate  stage  (3)  to  each  switching  module  provided  in  said  input  stage  (1)  via  M  cables;  and  con- 
necting  each  switching  module  provided  on  an  output  stage  side  of  the  intermediate  stage  (3)  to  each  switching 
module  provided  in  said  output  stage  (2)  via  M  cables. 

A  multistage  connection  switch  comprising  an  input  stage  (1)  having  at  least  one  switching  module,  an  output  stage 
(2)  having  at  least  one  switching  module,  and  an  intermediate  stage  (3),  provided  between  the  input  stage  and  out- 
put  stage,  having  at  least  one  stage  wherein 

switching  modules  of  a  number  corresponding  to  an  estimated  largest  switching  scale  are  initially  provided  in 
each  stage  of  said  intermediate  stage  (3); 
predetermined  numbers  of  switching  modules  are  provided  for  extension  in  said  input  stage  (1)  and  output 
stage  (2);  and 
each  switching  module  provided  in  said  input  stage  (1)  and  output  stage  (2)  is  connected  to  the  switching  mod- 
ules  provided  in  predetermined  positions  of  said  intermediate  stage  (3). 
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